IN THE ABSTRACT OF THE DISCLOSURE: 

Please amend the abstract as follows: 
ABSTRACT OF DISCLOSURE 

B e tween rospoct i vo For each of the injection holes 407-on the face of a plate 
member 444 -which is disposed in a fuel passage, grooves 204-are provided which 
run along the circumferential direction of the respective injection holes^O?, and at 
the positions of the qrooves-2Q l, fuel o verflows 502-are formed , and further . As a 
result, contracted fuel f low portions 602-are formed in the injection holes-407, tJwsr 
so that the maximum flow velocity of fuel is increased at the injection hole outlet 
portions , thereby. . Thus, a fuel injection valve af>4-for an internal combustion 
engine of -is provided, in which the atomization performance near the injection holes 
is effectively enhanced are provided . 
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IN THE CLAIMS: 

Please amend claims 1-7 as follows: 

1 . (currently amended) A fuel injection valve comprising, a member 
having an injection hole, a valve seat located at the upstream side of the injection 
hole in the direction of fuel flow , a valve body which p e rforms is movable to effect 
opening and closing of a fuel passage in connection with the valve seat, and a 
driving means for driving the valve body, wherein ei th e r at least one of a groove er 
and a projecting portion is provided around the injection hole along the 
circumferential direction thereof. 

2. (currently amended) A fuel injection valve comprising, a plate member 
having a plurality of injection holes penetrating mte -the plate member in the 
thickness direction thereof, a valve seat located at the-an upstream side of the 
i n i oct i on ho l o plate member in the direction of fuel flow , a valve body which p e rforms 
is movable to effect opening and closing of a fuel passage in connection with the 
valve seat, and a driving means for driving the valve body, wherein a flat portion is 
provided between the respective injection frete -holes on the face of the plate member 
in the fuel passage^ i s prov i d e d as well as a groove formed along the circumferential 
direction ef- around the respective injection holes i s prov i ded . 

3. (currently amended) A fuel injection valve according to claim 2, wherein 
the i nject i on ho l o i s prov i ded i n plural number of hof injection holes in the plate 
member wh ile b ei ng are separated by the flat portion, and the distance between the 
groove formed around the-an injection hole and the injection hole is d e t e rm i n e d 
smaller than the length of the flat portion formed between the injection holes. 
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4. (currently amended) A fuel injection valve according to claim 2, wherein 
the i nject i on hol e i s prov i d e d i n plural number eft- of injection holes in the plate 
member wh i le bo i nq are separated by the flat portion, and the grooves provided 
b o tw o on in connection with the respective injection holes on the face of the plate 
member aro worked to form i n have a circular shape. 

5. (currently amended) A fuel injection valve according to claim 2, wherein 
the i nject i on ho le i s prov i d e d i n plural number ofl -of injection holes in the plate 
member wh il o boinq are separated by the flat portion, and the grooves provided 
betw ee n in connection with the respective injection holes on the face of the plate 
member aro work e d in have a shape such a mann e r that A the-as seen in vertical 
cross section A ef-the grooves forms form a V z shape. 

6. (currently amended) A fuel injection valve according to claim 5, wherein 
an inclination angle of the inner wall near each injection hole of the V = shaped 
grooves provided botwoon in connection with the respective injection holes on the 
face of the plate member is workod b e large in comparison with afh the inclination 
angle of the inner wall thereof remote from the injection hole. 

7. (currently amended) An internal combustion engine comprising, a 
cylinder, a piston which reciprocates in the cylinder, an ainntake means which 
introduces air into the cylinder, an exhaust means which exhausts combustion gas 
from the cylinder, a fuel injection valve which directly injects fuel m4e- into the 
cylinder, a fuel supply means which supplies the-fuel from a fuel tank to the fuel 
injection valve, and an ignition device which ignites ajnixture gas of the air 
introduced by the intake means m-te -into the cylinder and the fuel injected by the fuel 
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injection valve ifHte -into the cylinder, wherein the fuel injection valve includ i ng, has a 
plate member having a plurality of injection holes penetrating mte -the plate member 
injhe thickness direction thereof, a valve seat located at the upstream side of the 
injection hole in the direction of fuel flow , a valve body which performs is movable to 
effect opening and closing of a fuel passage in connection w ith the valve seat, and a 
driving means for driving the valve body, wherein a flat portion is provided between 
the respective injection hele -holes on the face of the plate member in the fuel 
passage^ is provid e d as well as a groove formed along the circumferential direction 
ef- around the respective injection holes is provided . 
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REMARKS 



The specification has been amended to correct errors of a typographical and 
grammatical nature. Due to the large number of corrections thereto, applicants 
submit herewith a Substitute Specification, along with a marked-up copy of the 
original specification for the Examiner's convenience. Applicants submit that the 
substitute specification includes no new matter. Therefore, entry of the Substitute 
Specification is respectfully requested. 

The abstract has been amended to correct errors of a grammatical nature, 
and the claims have been amended to more clearly describe the features of the 
present invention. 

Entry of the preliminary amendments and examination of the application is 
respectfully requested. 

To the extent necessary, applicants petition for an extension of time under 37 
CFR 1 .136. Please charge any shortage in the fees due in connection with the filing 
of this paper, including extension of time fees, to Deposit Account No. 01-2135 
(503.42954X00) and please credit any excess fees to such deposit account. 



Respectfully submitted, 




Paul J. 3kwierawski 
Registration No. 32,173 

ANTONELLI, TERRY, STOUT & KRAUS, LLP 



PJS/DRA/cee 

Attachments 

(703)312-6600 
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TITLE OF THE INVENTION \$cv .^7 

Fuel Injection Valve and Internal Combustion Engine Mounting the 
Same 

5 BACKGROUND OF THE INVENTION 

The present invention relates to a fuel injection valve 
which injects fuel into an internal combustion engines and ^ 

^ jTrrnrrrnr to a tcohnology ^for forming^fuel spray^excellent si iCj 

atomization. 
10 COIFiTMMOIIMi ' FiRT 

a JP-A-10-43640 (1998), in particular page 2 and Figs.l and 

^discloses oneyiof ^conventional fuel in j ect ion^ vo 1 vo ir in which 
a valve body *e*Hftgjjprovided with a valve seat at an inner wall 
face forming a fluid passajfe ^^val ve member for opening and 
15 closingthe fluid passage btf^— J g^^j 

thereof y^from the valve seat and -by-fe rn in g iroaLud Lhc same on A the 

valve seat^and an orifice plate attached to the valve body at 

the fluid downstream side from the valve member and having an 
orifice penetrating the^orif ice plate in its thi jkn^: JJ^ 1 rect 1 on \ • 
20 wherein tihe opposing a face of the orifice plate^*« the valve 



member , the *sbj© end face of the valve member and the inner wall 
of the valve body form a substantially disk shaped fluid 



chamber «ad in which an^bsta^lj is provided for disturbing the 
fluid flowing from an openinc^between the contacting portion and 
25 the valve seat) to the orifice. 

The abovei patent document discloses ^as the obstacle ^e* 
disturbing the fluid flow^et provision of ^unevenness which is 
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provided either on the end face of the valve member at the 
fluid flow downstream side from the opening portion between the 
contacting portion and the valve seatj or on the face of the 
orifice plate opposing H» the valve member. 

In the above/ conventional airt , before the fuel reaches 
to the injection hole , tetee/ disturbance is caused^to make iwuull 
the particle diameter of the spra^. However^in order to reduce 
fuel consumption effectively^ or to reduce^ exhaust amount of 
unburnedgas components (HC,CO) of the fuel, further atomization 
10 of the spray is required. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a fuel 
_ injection valvej which ^ pormifec an improvement in atomization 

performance^ and to provide an internal combustion engine which 

15 realizes reduction in the fuel consumption amount and reduction 
in the exhaust amount of unburned gas components (HC,CO) of the 
fuel with^the atomization improved fuel spray- 

In order to achieve th^j^3£Se object, the present 
invention iiiLj-uduaawlva variety of grooves^ including an annular 
20 groove an injection hole, /thereby through^flow contracting 

effect on the fuel f lowjpg erf 1 nwrvi the groove in the injection 
hole, the velocity of the injection flow is increased and the 
atomization performance is enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig.l is a vertical cross sectional view of a fuel 

injection valve representing an embodiment of the present 
invention; 
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Fig. 2 is a vertical cross sectional view of a nozzle 
portion in an einbodimentj iaccording^to the fuel injection valve 



-e^the present invention; 



Fig. 3 is a plane view of a plate member^ seen from an 
injection hole inlet side in the embodiment> auuoi;dia^ Lu the fuel 



Lve «*Kt 



injection valve «*\the present invention; 



Fig. 4 is a plane view of a plate member^ seen from an 
injection valve inlet hole in a modified embodiment^ according 
-fee the fuel injection valve <©#^the present invention; 
10 Fig. 5 is a ^v4?o^ illustrating^ manner of oti ^ overflow/ 



around an annular groove provided near the injection hole inlet 
portion in the embodimentyy aooorisiing *feo the fuel injection valve 



Lthe present invention; a x . 

Fig. 6 is a j^v-Low illustrating^ manner ^velocity 
15 acceleration /due to the overflow and atomization promotion due 
to^eddy current in^the present invention; 

Fig. 7 is a/ viow illustrating £ flow velocity distribution 

41 

at the injection hole outlet portion in the embodimentf QQGord^ng 
^fee the fuel injection valve^f the present invention; 
20 Figs. 8 (A) through 8(D) arejmsewB of a variety of groove 

conf iguratoons\in the embodiment s ^iuaurdirm L u> the fuel injection 
valve ^*/the present invention; 

Fig. 9 is a vertical cross, sectional view of a nozzle 
portion of an embodiment^ in whicfyupstreanyof the plate member 
25 is structured into a radial flow type, according to tha fuel 

inj acta i i.i 1 1 ii ul j u f the present invention; 

Fig. 10 is a vertical cross sectional view of a nozzle 
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portion of an embodiment^, in which ^upstream ^of the plate 
member is structured into a collision flow type, according to 

Lh u Tlii'I J ii j i i . Li ii 6 1 hi i if the present invention; 

Fig. 11 is a vertical cross sectional view of a nozzle 
portion of an embodiment^, in which A upstream;of the plate member 
is structured into a flat valve type, according to feha fugl 

j 1 1 j i i | i m i 1 ii ' »m r the present invention; 

Fig. 12 is a partial cross sectional view of an embodiment 
in which a fuel injection valve of the present invention is 
mounted on an internal combustion engine; 

Fig. 13 is a vertical cross sectional view of a nozzle 
portion in an embodiment of a fuel injection valve with a single 
injection hole according to the present invention; and^ 

Fig. 14 is a partial cross sectional view of an embodiment 
in which a direct injection type fuel injection valve according 
to the present invention is mounted on an internal combustion 
engine . 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Il L-iL- iiibcJiow ^ preferred embodiments of the present 

invention will be explained with reference to Fig.l through 

Fig. 14. In the following explanation^ plane iiiuLiuluiui^an axial 

iJLJ^u XCof^J^ in- 
line of a valve body and x in parallel therewith^ is called ss^ 

vertical cross sectional plane. 

Fig.l is a vertical cross sectional view showing ^se-^ 



structure of a normally closed ami solenoid type fuel injection 

valveT^one of *fuel injection val ^^^^j^^^^ n ^^^^Sj jflj 
embodiment of the present invention. (Although ^advantages of the 



. . o o 

present ^ i ml null III I are not limited tOf\feke- solenoid type 

fuel injection valve .\ 

The fuel injection valve^as shown in Fig. 1. is provided 
with a yoke 105 ^of a magnetic substances surrounding a solenoid 
coil 109V, a core 10 €■> which ;lT7ca t G.3 at the center of the solenoid 
coil 109 and one j-ead of which is ^ contacted to the core 1060 j a 
valve body 102s which is lifted by a predetermined amount^ when 
the solenoid coil 109 is excitec%a seat^face 110 facing the ^J^g^ 
body 102 a fuel injection chamber lOl^which in j oot^ fuel boing ^ 
r^u^u^Ljn n jh a gap between the valve body 102 and the seat face 
110i*and a plate member 111 having a plurality of injection holes 
107j^under the fuel injection chamber 101. 

At the center of the core 106, a spring 108 is provided 
as an elastic member which works to press the valve body 102 onto 
the seat face 110. .When no current is fed to the coil 109, the 
valve body 102 is ^oloooly contacted . Fuel is supplied from a fuel 
supply port under Ji pressurized state by a fuel pump (not shown). 
-&a^gTjjfuel passage in the fuel injection valve y^up to the closely 
contacted position of the seat face 110 with the valve body 102. 
When a oirrent is supplied to the coil 109 a^ ^e^va^e^ bod^^ 
102^iop?accr due to the magnetic force induced j^eid separates 
from the seat face 110, the fuel is concentrated around the axial 
center in the fuel injection chamber 10 1^ thereafter, the fuel 
flows along the plate member 111 radially in the outer 
circumferential direction and is injected through the plurality 



of fuel injection holes 107 toward -a mB^ac an intake port of the 
engine^. 
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Fig. 2 is a vertical cross sectional view of the 
nozzle portion. A feature of t^he present^ oiidgjodiment is that 
grooves 201 are formed bafa^Qon ^the respective injection holes 



107 on the face of the plate member 111 in the fuel injection 
passagejand^along the circumferential direction of the respective 
injection holes 107, as shown in Fig. 3. Since the grooves are 
provided ^ between the respective injection holes 107, the 
respective grooves are naturally formed near the respective 



injection holes 107. Further, grooves other than the 

annular groove s^as shown in Fig.3^can be used. For example, Fig. 4 



shows a modification in which^instead of -feJae continuous annular 



grooves v four rectangular shaped grooves 401 are provided itf^the 
circumference of jthe respective injection holes. Each of the 
grooves 401 is configured in such a manner that^when aoouming 
the length of the rectangular groove 401 in^ circumferential 



direction of the injection hole i ass d and the length thereof in 

A ^ ik 

radial direction of the injection hole^ae t, ^ratio d/t is 
selected to be more than Ij^aa that d>t^ K reason ^of whiath J-s that, 
in order to induce -^fetee^ overflow effect due to the^grooves more 
efficiently, it is preferable that the circumferential length 
d is longer than the radial direction length t^t h u- t afu-L G , the 
most preferable configuration is they\circumf erential grooves. 
Further, in^Fig.4 modification^ although four pi sesa 
rectangular grooves 401 are provided for each of the injection 
holes, the number thereof is not 1 imi t ed ^ t hra r o two u r the 
allowable physical space therein. 

Still further, as shown in Fig. 3^ a flat portion (plane 
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portion) 203 is formed between &kt adjacent injection holes 
- • .of 



107 at the outside of the grooves^ .^distance (interval) L 
between the adjacent injection holes 107 aL (rise outside the 
grooves 201 on the flat portion 203 is determinedj|longer than 
5 ^distance (interval) ^between the inner edge of the groove 201 
and the outer edge of the injection hole 107. In other words, 
the groove 201 is disposed close^ to the injection hole 107 in 
such a manner that the distance^ is shorter than the distance 
L. Further, the flat portion (plane portion) 203 contributes 
10 to onhancre^the overflow inducing effect, which will be explained 
later. >j — 

The function and advantages of the present ^ainbodamcnt 
will be explained with reference to Figs. 5 through 7. Because 

- of the shaping of the groove Sj as ^exp ^ained above, ■ ao ohoun -in 

15 ftfj=*n, fuel 501| which comes from the outer circumferential 

direction v flows deep into the groove, forms overflows 502 and 

flows into the respective injection holes 107^. Thereafter, as 

< shown in Fig. 6^ because o f^the ^f fec t^of the/ flows forming the 

overflows 502, fuel flow 601^£©«h& a contracted flow portion 602 
20 of iiwhiiah^diameter^s slightly smaller than that of the injection 
hole 107 -eaad^injected from the injection hole 107. Fig. 7 shows 
a flow velocity distribution at the injection hole outlet portion. 
As will be seen from Fig. 7, with the provision of the grooves 
201, since the overflow 502 and the contracted flow portion 602 
25 are formed, the maximum flow velocity in the flow velocity 
distribution 702 at the injection hole outlet portion is 
increased in comparison with that in a flow velocity distribution 
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701 in the case of no provision of the .grooves 201. Because of 
this acceleration, effect , ^turbulence ofigas and/liquid interface 
between^fuel and^air is enhanced, and^-saae^ number of vortexes 
603 are formed* which reduces the diameter ofjspray particles 605% 

^^s^(A) through 8(D) show ^configurations of the 
grooves 201^formed around -^^^inject ion hole 107 • Fig. 8 (A) shows 
an ^notanoc wherein a rectangular groove 201A is formed^ Fig. 8B 
shows another instance wherein a V shaped groove 20 IB is formed) j 
Fig. 8(C) shows still another instance wherein a groove 201C is 



formed of ■ whi - gh pinner side wall inclination angle near the 
injection hole is designed^steeper than that remote from the 
injection holey^and Fig. 8(D) shows a further instance wherein 
a groove 201D is formed in which the top level of a projection 
204 around the injection hole 107 is formed^higher by a height 
H than that of the surface of the plate member 203 at the upstream 
side of the groove. The groove configurations as shown in 
Figs. (8A) through 8(D) can basically form the overflows 502. 
Further, with regard to the grooves as shown in Figs. 8(B) and 
8 (O^the bottom shape need not be an acute angle, but can be rounded. 
Still further, with^ to the groove as shown in Fig.jp8^))^ 

the height H is Jh p^ f e nable to-be - smaller than the diameter <ftD 
0 of the injection hole 107/yto form the overflows. 

As has been explained above, with the fuel injection 
valve of the present embodiment, the overflows 502. are formed 
at ^^jjposition where the grooves 201 are disposed^ anci^ further^ 
through the formation of the contracted flows 602 in the fuel 
injection holes 107, the maximum flow velocity at the fuel 
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injection outlet portion is increased, x J-htfJ^U^u the 

4h ik Ik 

turbulence of the gas and^Iiquid interface between^fuel andjair 
is enhanced, and the atomization performance is improved. 

Figs. 9 through 11 show vertical cross sectional views 
of nozzle portions iR^respective embodiments wherein the 
structures upstreamjthe plate member 111 of the fuel injection 



valve according to the present invention are formed respectively 



in a radial S£#ejtype, a collision flow type and a flat valve 



type - ^jj^J ^^Wiii a^A- jhuJz- 

10 In the radial flow type* as shown in Fig. 9,^ a fuel 



contraction portion 901^which on m c contracts the fuel flowing 

through the gap between the valve body 102 and the seat face 110 
io TTTTm,r,i drKi| |imHfT the fuel contraction portion 901^ a f uel 

- outwardly radiating chamber 902^ which forces fr» flai? the fuelj 

15 toward the outer circumference ia> TOdod | j and^ fur the r , under 
the fuel outwardly radiating chamber 902^a plate member 111 having 

a plurality of W^gjg^g^****- J^^J^ 
In the collision flow type^as shown in Fig. 10, the fuel^ 

injected outwardly through^the j^gpective injection holes 107 

20 on the plate member lll ^Lu oulllelui each other at a collision 

point lOOljyto divide the spraying direction into two directions. 

In the flat valve type^as shown in Fig. 11, instead of 



the ball valve type. as shown in Fig. 2 and 10, the valve body 1101 

is formed st^a flat type^and^further,^« seat face 1102^ through 
25 which fuel supply is controlled by the vertical movement of the 
valve body llOlj is disposed between the valve body 1101 and the 
plate member 111. 
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Any-^gassof the above^ radiation flow type, 



collision flow type and flat valve type f Ui l inj u ution valvoc 

can achieve the same or ^further atomization performance in 

comparison with the fuel injection valve am shown in Fig. 2. 

Fig. 12 shows an example in which the fuel injection valve 

1201 according to the present invention aa uliuun ma Fig ml is 

mounted on an internal combustion engine . Since as the fuel 

injection valve^a like solenoid type fuel injection valve as ohotm ^ 

iak the |\ r m l'inrli mrnt i n nn~i , -«wt / explanation of the 

constitutional elements ^ is omitted. The internal combustion 

engine as shown in Fig. 12 is constituted by a cylinder head 1202, 

an intake valve 1203, an ignition plug 1204 which ignites the 

mixture gas of fuel and air, a piston 1205, a cylinder 1206, an 

exhaust valve 1207, an intake port 1208 which introduces air in 

to the cylinder 1206yand an exhaust port 1209 which exhausts the 

combustion gas from the cylinder. Further^ the f u^l^inj ection 

valve is provided with a connector through which -e^current for 

driving the injection valve is supplied. 

Further, in Fig.l2^the intake valve 1203 is shown m A 

/ A. 
closed state. However, actually^when the fuel is in j ected in^spray 

from the fuel injection valve 1201 to the combustion chamber 1211, 



the intake fTjdl. 1203 is opened. Herein, the fuel injection start 
timing of the fuel injection valve 1201 may^^ae either when the 
intake valve is actually opened or before the intake valve 1203 
actually starts valve opening in view of the fuel flying time. 
In such instance, the^flying time is set in such a manner that 
the fuel injected at the injection start reaches 4» the intake 
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valve at the |timi»g when the intake valve 1203 is actually 

opened. Further, within an allowable range, the fuel injection 
start timing can be set so that the fuel injected at the injection 
start reaches the intake valve 1203 at the timing before the intake 
5 valve 1203 starts actual valve opening. 

In the above^embodiments, fuel injection valves j in 

which a plurality of injection holes 107 are provided on the plate 
member lll^owever^the present invention is not limited to such 
embodiments, in that^as shown in Fig. 13, for *ta£^fuel injection 

- 10 valve having a single injection hole 107 on the plate member 111. 

ajgroove which runs along the circumf erential direction of the 
injection hole 107 can be provided. 

Fig. 14 ^sterns a partial cross sectional view of a further 

embodiment^ in which a direct injection type fuel injection 

15 valve 1401^i nnl aria n I Vn single injection hole 107* ©a the plate 



member lll^as shown^d oo u o -and^ mj coting fuel^ directly into the 

combustion chamber 1211^is mounted on the internal combustion 

engine. The direct injection type fuel injection valve 1401 isj^ 

A. 

directly on the cylinder 1206 near the intake valve 1203jand^fuel 
20 spray 1402 is directly injected irQ:o the combustion chamber 1211 . 

In the above ^ embodiments, ^ solenoid type fuel 
injection valves have been^ ^qpiLodncd , however, the present 
invention is not limited to^such^^iSiaissafee, and the present 
invention can be generally applied to fuel injection valves other 
25 than the solenoid type within range where ts±a*=> substantially 



the same function and advantages as the present embodiments can 
be obtained. 
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According to i the above> jii e egg hi into .'w i. embodiments , 

Pfl555S«for atomizing fuel is provided near the^injection valve/ 



.an effective fuel atomization can be achieved. 

Therefore, internal combustion engine according to 

5 the^ orobedimonto boing provided with the fuel injection valve of 
the present invention, since the atomization performance of the 
fuel spray injected from the fuel injection valve is excellent, 
the exhaust amount of unburned components (HC,CO) can be reduced. 
According to the present invention, through the 
10 formation of fcfaa/overf lows at positions where tiae grooves 
^ are locatea^and.further ^through the formation of fe*»iycontr acted 

flow portion in the ^injection holes, ■ jin.1 n i I ti^the advantage of 
increasing the maximum flow velocity of the spray at the injection 
hole outlet portion, ^turbulence of Agas and A liquid interface 
15 between^ fuel and ^ air is accelerated and the atomization 
performance is improved. Thereby, in ifeteer^internal combustion 



engine using the same, since the atomization performance of the 
fuel spray injected from the fuel injection valve is excellent, 
the exhaust amount of unburned components (HC,CO) can be reduced. 
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